Object categorization emphasizes the similarities that bind exemplars into categories, whereas recognition memory emphasizes the specific identification of previously encountered exemplars. Mathematical modeling has highlighted similarities in the computational requirements of these tasks, but neuropsychological research has suggested that categorization and recognition may depend on separate brain systems. Following training with families of novel visual shapes (blobs), event-related brain potentials (ERPs) were recorded during both categorization and recognition tasks. ERPs related to early visual processing (N1, 156-200 msec) were sensitive to category membership. Middle latency ERPs (FN400 effects, 300-500 msec) were sensitive to both category membership and old/new differences. Later ERPs (parietal effects, 400-800 msec) were primarily affected by old/new differences. Thus, there was a temporal transition so that earlier processes were more sensitive to categorical discrimination and later processes were more sensitive to recognition-related discrimination. Aspects of these results are consistent with both mathematical modeling and neuropsychological perspectives.
There is a subtle distinction between the cognitive processes involved in object categorization and those involved in recognition memory for specific objects. Whereas object categorization emphasizes the process of finding similarities that bind object exemplars into categories (e.g., Spot, Fido, and Rover are dogs), recognition memory emphasizes the process of judging whether or not a particular exemplar has been previously encountered within a given context (e.g., "This dog is Spot who lives next door"). Previous research has highlighted both differences and similarities in the cognitive mechanisms thought to underlie categorization and recognition.
Neuropsychological research has emphasized differences between recognition and categorization and has fostered the view that the two abilities may depend on different brain systems. When required to classify novel dot patterns according to whether they belonged in the same category as a set of training patterns (following the method of Posner & Keele, 1968) , amnesic patients categorized as accurately as control subjects despite significant recognition memory impairments for the training patterns (Knowlton & Squire, 1993; Squire & Knowlton, 1995) . Similar amnesic dissociations between explicit memory for exemplars and categorization have been observed with artificial grammar learning (Knowlton, Ramus, & Squire, 1992; , probabilistic classification learning (Knowlton, Gluck, & Squire, 1994; Knowlton, Mangels, & Squire, 1996) , and learning categories of novel object-like stimuli (Reed, Squire, Patalano, Smith, & Jonides, 1999) . Knowlton, Squire, and colleagues have generally interpreted these dissociations as indicating that categorization and recognition depend on separate memory systems. Recognition memory depends on a declarative memory system including the hippocampus, the medial temporal cortex, and diencephalic brain regions typically implicated in amnesia. Categorization is thought to depend on implicit memory systems that are somewhat task dependent. Most relevant to present visual categorization research, learning of visual dot patterns is related to activity within visual cortical areas, as measured with functional magnetic resonance imaging (f MRI; Reber, Stark, & Squire, 1998a , 1998b .
In contrast to neuropsychological methods, mathematical modeling approaches have emphasized the similarities between categorization and recognition. In particular, several exemplar-based models can explain a variety of categorization and recognition phenomena (e.g., Estes, 1994; Hintzman, 1986 Hintzman, , 1988 Medin & Schaffer, 1978; Nosofsky, 1988 Nosofsky, , 1991 . In general, a single memory system is posited to store exemplars of individual experiences. Memory retrieval involves computing the similarity between a test item and the exemplars held in memory. The same exemplarbased system underlies both recognition and classification, but different decision rules are applied to each task (Nosofsky, 1988 (Nosofsky, , 1991 . Categorization depends on comparing a test item with stored exemplars from various categories and classifying the item as belonging to the category with which it is most similar. For example, a novel animal would be categorized as a dog if its similarity to stored dog exemplars is higher than its similarity to stored exemplars from other categories (e.g., cats, horses, trees, furniture, cars, etc.). Recognition depends on comparing the test item with all stored exemplars so that recognition probability increases with the overall similarity of the test item to all stored exemplars across all categories. Thus, a particular dog would be recognized as having been previously encountered if its similarity to all stored exemplars is high enough to pass a person's criterion for responding old rather than new.
Single-system exemplar models can account for aspects of the neuropsychological results originally interpreted within the multiple-systems perspective (for a summary and continuation of this debate, see Knowlton, 1999; Nosofsky & Zaki, 1999) . Nosofsky and Zaki (1998) have recently shown that an exemplar-based model can successfully simulate the pattern of spared categorization and impaired recognition exhibited by amnesic patients (Knowlton & Squire, 1993) . Amnesic performance was simulated by varying a sensitivity parameter that controls discrimination among exemplars. As has been observed for amnesia, decreased sensitivity led to poorer recognition memory without significantly impairing categorization. Similarly, amnesics' pattern of spared artificial grammar learning and impaired recognition memory has been simulated with a single-system connectionist network (Kinder & Shanks, 2001) . Thus, multiple systems may not be necessary to account for neuropsychological dissociations between categorization and recognition. On the other hand, the multiple-systems perspective seems more consistent with functional neuroimaging results showing that visual categorization is associated with activity in visual cortical regions not typically related to declarative memory (Reber et al., 1998a (Reber et al., , 1998b .
Research using event-related brain potentials (ERPs) can provide information that is relevant to understanding the relationship between categorization and recognition. Scalp-recorded ERPs are obtained by averaging electroencephalogram (EEG) activity across multiple trials that are designed to engage specific cognitive processes. By time-locking the average to stimulus onset, ERPs reflect the activity of brain processes that are regularly associated with stimulus processing under the experimental conditions of interest. ERPs can be differentiated on the basis of their timing (with millisecond resolution) and scalp distribution, so different neurocognitive processes can be identified with distinct spatiotemporal voltage patterns. Previous studies have examined ERPs in categorization and recognition tasks, so we will review the main findings relevant to each.
Several studies have indicated that ERP effects related to the categorization of visual objects are observed within 200 msec of stimulus onset. The N1 is a negative polarity ERP component, peaking between 150 and 200 msec over posterior head locations, that is thought to reflect visual discrimination processes (e.g., Vogel & Luck, 2000) . Tanaka, Luu, Weisbrod, and Kiefer (1999) used a category verification task in which a category label referring to superordinate (e.g., ANIMAL), basic (e.g., BIRD), or subordinate (e.g., ROBIN) levels was followed by a picture and subjects responded true or false, according to the correspondence between the label and the picture. The N1 was more negative for subordinate than for basic level classification. Tanaka et al. interpreted the N1 enhancement as reflecting increased visual analysis associated with subordinate classification. The N1 has been observed to be more negative for pictures of objects from natural than from artifactual categories (Kiefer, 2001) . Assuming that perceptual information is more important for categorizing natural (e.g., different birds or dogs look somewhat similar) than artifactual (e.g., different tools or pieces of furniture look dissimilar) object categories, Kiefer also attributed the ERP effect to perceptual-processing differences. Another recent study has shown that the N1 is enhanced when experts categorize objects within their domain of expertise (Tanaka & Curran, 2001 ). Tanaka and Curran labeled the expertise-sensitive ERP component N170 because of its similarity to the N1 component that numerous studies have found to be greater in response to faces than to other objects (e.g., Bentin, Allison, Puce, Perez, & McCarthy, 1996; Bentin & Deouell, 2000; Bötzel, Schulze, & Stodieck, 1995; Eimer, 1998 Eimer, , 2000a Eimer, , 2000b George, Evans, Fiori, Davidoff, & Renault, 1996; Rossion, Campanella, et al., 1999) .
In contrast to the early occurring ERP effects related to categorization, numerous studies have suggested that ERP effects relevant to recognition memory do not begin until 300-400 msec after stimulus onset. In a typical recognition memory experiment, subjects study a list of stimuli (words, pictures, etc.), followed by a test list containing a mixture of old (studied) and new (nonstudied) stimuli. When ERPs are recorded during the test list, electrophysiological differences between correctly classified old and new conditions emerge after about 300 msec. The number of component processes underlying such ERP old/new effects and their functional significance remain uncertain. Two recent reviews have suggested that ERP old/new effects can be broken into at least three different subcomponents (Friedman & Johnson, 2000; Mecklinger, 2000) , and this division corresponds well to results from our own laboratory (Curran, 1999 (Curran, , 2000 Curran, Schacter, Johnson, & Spinks, 2001 ): FN400 effects, parietal effects, and late frontal effects. The present study is most relevant to the FN400 and parietal old/new effects, so they will be discussed in more detail.
The FN400 old/new effect involves an N400-like component that is more negative for new than for old stimuli over frontal electrode sites between 300 and 500 msec (called the "frontal old/new effect" by Mecklinger, 2000 , and the "left medial prefrontal episodic memory effect" by Friedman & Johnson, 2000) . The standard N400 component is best studied in psycholinguistic research suggesting that it indexes semantic integration (Kutas & Iragui, 1998; Kutas & Van Petten, 1994) . The FN400 nomenclature is used here to denote the observation that this old/new effect is often more frontally distributed than is the centro-parietal N400 typically observed in studies of language, although many recognition studies of recognition memory and word repetition have observed centroparietal N400 old/new effects (e.g., Besson, Kutas, & Van Petten, 1992; Rugg & Nagy, 1989; Smith & Halgren, 1989; Van Petten, Kutas, Kluender, Mitchiner, & McIsaac, 1991) . It is unclear whether the N400 and the FN400 are distinct components, but given their spatiotemporal similarity, it is likely that they share at least some neural generators. 1 The parietal old/new effect is associated with greater positivity over parietal regions to old than to new items between about 400 and 800 msec (reviewed by Allan, Wilding, & Rugg, 1998; Friedman & Johnson, 2000; Mecklinger, 2000) . The parietal old/new effect encompasses the P300 ERP component (Spencer, Vila Abad, & Donchin, 2000) .
Several ERP investigators (Curran, 2000; Friedman & Johnson, 2000; Mecklinger, 2000; have suggested that the FN400 and parietal old/new effects are related to the separate processes of familiarity and recollection posited within dual-process theories of recognition memory (Brainerd, Reyna, & Kneer, 1995; Hintzman & Curran, 1994; Jacoby, 1991; Mandler, 1980; Norman & O'Reilly, 2001) . Familiarity is often thought to arise from an assessment of the total similarity between a test item and all study-list information in memory. This conceptualization of familiarity is consistent with the similaritybased matching processes in exemplar models of categorization and recognition (Estes, 1994; Hintzman, 1986 Hintzman, , 1988 Medin & Schaffer, 1978; Nosofsky, 1988 Nosofsky, , 1991 . Recollection is a process that enables the retrieval of specific information about individual items, such as physical attributes or associative/contextual/source information. In one relevant ERP study (Curran, 2000) , subjects studied singular and plural nouns (e.g., TABLES, CUP . . .), followed by a test list with studied words (TABLES), similar lures that were in the opposite plurality of studied words (CUPS), and completely new words (BOOK). As would be expected of a familiarity process that is merely sensitive to study-test similarity, the FN400 differed between similar (CUPS) and new (BOOK) words, but not between studied words (TABLES) and similar lures (CUPS) that were both highly familiar. As would be expected of a recollection process that enables the retrieval of detailed information, the parietal ERP effect differed between studied (TABLES) and similar (CUPS) items.
The hypothesized correspondence between the FN400 and familiarity is relatively new (reviewed by Friedman & Johnson, 2000; Mecklinger, 2000) , but the relationship between recollection and the parietal ERP old/new effect is more widely accepted. When subjects are asked to introspectively differentiate words specifically remembered from those they merely know to be old, larger parietal old/new effects are associated with remembering than with knowing (Düzel, Yonelinas, Mangun, Heinze, & Tulving, 1997; Smith, 1993 ; but see Spencer et al., 2000) . The parietal old/new effect is sensitive to variables thought to affect recollection more than familiarity (Paller & Kutas, 1992; Paller, Kutas, & McIsaac, 1995; Rugg, Cox, Doyle, & Wells, 1995) . The parietal old/new effect also is associated with the recollection of specif ic information, such as study modality (Wilding, Doyle, & Rugg, 1995; Wilding & Rugg, 1997b ), speaker's voice Wilding & Rugg, 1996 , 1997a , and temporal source (Trott, Friedman, Ritter, & Fabiani, 1997) .
In summary, previous ERP research has identified at least three distinct ERP effects associated with categorization or recognition. Activity related to visual categorization has been associated with the N1 component (150 -200 msec) that peaks over posterior visual brain areas. Recognition memory has been related to the frontocentral FN400 (300-500 msec) associated with familiarity, as well as with the parietal old/new effect (400 -800 msec) associated with recollection. One might interpret these results as consistent with a multiple-systems view because categorization and recognition are associated with different spatiotemporal patterns of brain activity, but such a conclusion would be premature, because it is overly dependent on interexperiment comparisons.
The primary goal of the present experiment was to directly compare ERPs related to categorization and recognition memory in a single experiment. Subjects were trained to recognize categories (or families) of visually similar novel objects called blobs. Blobs, rather than stimuli such as dot patterns, were used to examine conditions more likely to be relevant to the categorization of real-world objects. After training with a given family of blobs, both recognition and categorization tests were given under identical conditions. Test lists included old blobs from the training list that were in the trained family (old/in), old blobs from the training list that were out of the family (old/out), new blobs that were not training-list exemplars but were in the family (new/in), and new blobs that were out of the family (new/out). Subjects made in/out judgments for categorization tests and old/new judgments for recognition tests.
Predictions were derived from the ERP research reviewed above. Given previous evidence that the N1 is enhanced by experience with certain object categories (Tanaka & Curran, 2001) , we predicted that the N1 would be enhanced for blobs that were in trained families, relative to those that were out of trained families. We did not expect old/new effects on the N1, because old/new effects are not typically observed so early in recognition memory studies. Given previous evidence that the parietal old/new effect is related to the recollection of specific information, we predicted that it would show standard old/new effects, but no family membership effects. The FN400 was predicted to show in/out effects because previous research has suggested that the FN400 varies with the similarity between studied and tested items (Curran, 2000; Nessler, Mecklinger, & Penney, 2001 ) and similarity should be higher for blobs from within the trained family. The FN400 old/ new predictions were less certain. Curran (2000) showed that the FN400 does not discriminate between studied items and highly similar lures (e.g., opposite plurality words). The blob lures are highly similar in the present experiment, but possibly not as similar as plurality-reversed lures. Furthermore, the small number of trained items (eight per family) and larger number of training repetitions (10 per item) may foster more highly differentiated encoding of the items (e.g., Shiffrin & Steyvers, 1997) . Finally, we had no basis for predicting that the ERP old/ new or in/out effects would vary between recognition and categorization tasks. The FN400 and parietal old/new effects for words did not differ when a recognition test was compared with a lexical decision task (Curran, 1999) , so we did not expect task differences on these old/new effects in the present experiment.
EXPERIMENT 1

Method
Subjects
The subjects were 37 right-handed students from Case Western Reserve University, who participated for pay ($10 per hour). Twenty-four subjects were included in the final analyses. 2 Each of the final 24 subjects completed two 2-h sessions on separate days.
Stimuli
The stimuli were computer-generated, two-dimensional polygons called blobs (see Figure 1 ). Twelve blob families were constructed by creating a prototype and making family members that were distortions of the prototype. Prototypes were created by dividing a circle into a specified number of vertices (range 5 10-28, M 5 16.83 vertices per prototype). The possible distance of each vertex from the origin could fall within a specified range of the original circle's radius (range 5 30% -70%, M 5 53.33 %). An actual radius was randomly selected within the specified range of each vertex. Once the distances of the vertices were specified, they were interconnected to form a closed polygon. Exemplars (i.e., family members) were created around each prototype by randomly changing the radius of the vertices 620% from the prototype. Sixteen exemplars were created around each prototype. Four exemplars were in/old items that appeared in the training list and both test lists. The other 12 blobs were in/new items that appeared only on the test lists (6 per test list). Blobs from out of the trained families were constructed by creating new prototypes that were matched to each in blob according to the number and distance of the vertices. Each out blob was its own prototype, so out blobs did not form distinctive families (Figure 1 , bottom row). Each blob family and its matched out blobs had a unique color. All blobs fit within a circle approximately 4.5 cm in diameter, subtending a visual angle of approximately 3.22º when viewed from the subject's distance of 80 cm. Stimuli were presente d on a 15-in. Apple Multiscan Color Monitor.
Design and Procedure
All variables were manipulated within subjects in a task (categorization, recognition) 3 family membership (in, out) 3 old/new design. Old blobs were presented on the training list, and new blobs were not. In blobs were members of the trained family, and out blobs were not family members. The subjects completed 12 experimenta l blocks (6 per session). A practice training set was given at the beginning of the first session. Sessions were run on separate days (M 5 1.38, range 5 0-6 days intervening between sessions). Each block included training and test phases for a different set of blobs. During each block, the subjects were trained to categorize members of one particular family of blobs. After training, the subjects completed a categorization test and a recognition test. EEG was recorded during the test lists. Blob color was varied between blocks to minimize interblock interference, but color was held constant within each block so it could not be used as a basis for discrimination .
Training began by showing the subject the prototype of one blob family for 10 sec. Next, the subjects were given a training list in which four exemplars from in the family were intermixed with four exemplars from out of the family. Each blob was repeated 10 times within the training phase (80 total trials). Repetitions were spaced so that each blob was presented once within Trials 1-8, 9-16, and so forth. Blobs were randomly ordered within each set of 8 trials.
Each training trial started with a central fixation cross for 200 msec, followed by the blob for 2,000 msec, followed by the instruction to "please respond" for 1,000 msec. The intertrial interval Prototype In Out Figure 1 . Examples of blob stimuli. The prototype for a single family is shown along with training set exemplars that were in or out of the family.
was 500 msec. The subjects were instructed to press a key for any blobs they considered to be in the family and to not respond to blobs that were out of the family. Responses were recorded only during the 1-sec "please respond" interval. A computer beep sounded after each error (false alarms to out blobs or misses to in blobs). The subjects were given a self-paced rest break between Trials 40 and 41.
After each training list, the subjects completed two test lists. Training and test lists were separated by a period of at least 2 min for Sensor Net adjustment. Each test list contained the following number of blobs in each condition: four in/old, six in/new, four out/old, six out/new. Pilot testing indicated that false alarm rates were high in the recognition task because of lure similarity, so the design included more new than old items to obtain a sufficient number of accurate trials in all conditions. Each trial consisted of a fixation circle (randomly varying from 500 to 1,000 msec), the test blob (2,000 msec), and a question mark that was displayed until the subject responded . The subjects responded with the first two fingers of their right hands and were told to withhold their responses until the question mark appeared. The delayed response procedure was used to minimize response-related ERP differences between the two test tasks. Upon responding, the subjects saw a central square during the 1,000-msec intertrial interval.
For recognition tests, the subjects pressed an old key for any blobs they remembered seeing in the training set or a new key for any blobs not in the training set. They were told to disregard family membership and were warned that the new blobs would be highly similar to those in the training set. For categorization tests, the subjects pressed an in key for any blobs that were members of the trained family and an out key for blobs that were not family members. They were told to disregard old/new status. The order of the test lists was counterbalanced so that categorization occurred on the even-numbere d blocks for half the subjects and on the odd-numbered blocks for the other half. The same old blobs were tested in both the recognition and the categorization tests, but new blobs were different in each test. The subjects responded with the first two fingers of the right hands, and assignment of keys to responses was counterbalanced across subjects.
EEG/ERP Methods
Scalp voltages were collected with a 128-channel Geodesic Sensor Net (Tucker, 1993) connected to an AC-coupled, 128-channel, high input impedance amplifier (200 MV; Net Amps, Electrical Geodesics, Eugene, OR). Amplified analog voltages (0.1-100 Hz bandpass, 23 dB) were digitized at 250 Hz. Individual sensors were adjusted until impedances were less than 50 kV.
Trials were discarded from analyses if they contained eye movements (vertical EOG channel differences greater than 70 mV) or more than five bad channels (changing more than 100 mV between samples or reaching amplitudes over 200 mV). ERPs from individua l channels that were consistently bad for a given subject were replaced using a spherical interpolation algorithm (Srinivasan, Nunez, Silberstein, Tucker, & Cadusch, 1996) . The median number of excluded channels /subject was 1.00 (M 5 1.42, mode 5 1, range 5 0 to 5). Subjects with fewer than 20 good trials in any condition were removed from the final analyses (n 5 5, as specified in note 2). Across all subjects and conditions, the mean number of acceptable trials per condition per subject was 51.96 (range 5 26-72).
ERPs were baseline corrected with respect to a 100-msec prestimulus recording interval and were digitally low-pass filtered at 40 Hz. An average-refe rence transformation was used to minimize the effects of reference site activity and accurately estimate the scalp topography of the measured electrical fields (Bertrand, Perin, & Pernier, 1985; Curran, Tucker, Kutas, & Posner, 1993; Dien, 1998; Lehman & Skrandies, 1985; Picton, Lins, & Scherg, 1995; Tucker, Liotti, Potts, Russell, & Posner, 1994) . Average-referenced ERPs are computed for each channel as the voltage difference between that channel and the average of all the channels. Mastoid-referenced ERP plots from representative locations from the International 10 -20 system (Jasper, 1958) are presented in the Appendix to facilitate comparison with results from other laboratories .
Results
Behavioral Results
The mean proportion correct from each condition is shown in Table 1 . A task (recognition, categorization) 3 family (in, out) 3 old/new repeated measures analysis of variance (ANOVA) revealed several significant effects. All main effects were significant (categorization . recognition, out . in, old . new, all ps , .001). All interactions except for the task 3 old/new interaction (F , 1) were significant, culminating in a significant task 3 family 3 old/new interaction [F(1,23) 5 90.65, MS e 5 0.004, p , .001]. Both recognition and categorization accuracy were lowest for new blobs that were in trained families. For blobs that were out of the trained families, performance was similar in all conditions, except for the recognition of old blobs being lower than the others.
Reaction time (RT) measures were likely to be insensitive because the subjects withheld their responses until the test blob disappeared (2 sec after blob onset). Although failure to observe RT differences between conditions may be attributable to delayed responding, significant RT differences may be meaningful. An ANOVA showed significant main effects of family [F(1,23) The subjects responded faster to blobs that were in than out of trained families, and faster to old than to new blobs. A significant task 3 family interaction [F(1,23) 5 11.98, MS e 5 2,439, p , .01] indicated that family RT differences were observed only within the categorization task. Thus, despite the requirement to withhold responses, RT was meaningfully affected by the experimental conditions.
ERP Results
N1 results. N1 analyses were conducted on ERPs averaged across all artifact-free trials. Both correct and incorrect trials were included because large accuracy differences between recognition and categorization could obscure task-related differences on N1 amplitude.
N1 analyses focused on scalp regions where the N1 amplitude was maximal (most negative). The N1 peaked Figure 2 ). Mean ERP amplitude will be the primary dependent measure in all analyses, but initial latency analyses were conducted for two reasons: (1) to assess the extent to which amplitude differences between conditions may be compromised by latency differences and (2) to estimate the temporal window in which amplitude analyses should be conducted. Peak latencies were identified as the time at which the N1 was most negative for each subject within each condition (from 100 to 236 msec after stimulus onset). The peak latencies were entered into a task (recognition, categorization) 3 family (in, out) 3 old/new 3 hemisphere repeated measures ANOVA. The only significant effect was a family 3 old/new interaction [F(1,23) 5 12.55, MS e 5 56.95, p , .01]. N1 latency for old items was shorter for blobs that were in (184 msec) than for those that were out (188 msec) of the trained families, but N1 latency for new items did not vary with family membership (in 5 187 msec, out 5 186 msec). Although reliable, these differences appear too small (i.e., 4 msec 5 1 EEG sample) to compromise the amplitude analyses. Amplitude analyses were conducted within a 156 -220 msec window that was defined around the overall mean N1 latency of 186 msec (rounded to the nearest 4-msec sample). The upper and lower bounds were selected to be two standard deviations (one SD 5 16 msec) above and below the mean. The mean amplitudes within the temporal interval were entered into a task (recognition, categorization) 3 family (in, out) 3 old/new 3 hemisphere repeated measures ANOVA. The only significant effect was the main effect of family membership [F(1,23) 5 16.41, MS e 5 0.70, p , .001]. As is shown in Figure 3 , the N1 was enhanced (more negative) for family members (mean amplitude, in 5 22.17 mV, out 5 21.82). No other effects or interactions were significant (all ps . .16).
One particularly important result for understanding the nature of the family membership effect concerns whether it generalized to new blobs that had never before been seen in the experiment. A planned contrast focusing only on new blobs verified that N1 amplitude was more negative for blobs that were in (22.13 mV) than for those that were out of (21.76 mV) the family, [t (23) 5 3.96, SE 5 0.10, p , .001]. A planned contrast focusing only on new blobs verified that N1 amplitude was more negative for blobs that were in (22.13 mV) than for those that were out of (21.76 mV) the family [F (1, 23) The relative magnitudes of the in /out and old /new differences were compared by computing the relevant differences scores for each subject (averaged across hemispheres). The in/out differences were significantly larger than the old/new differences [t(22) 5 2.15, SE 5 0.11, p , .05, two tailed].
FN400 results. The FN400 (300-500 msec) is typically observed as more negative amplitudes recorded to new than to old items over superior, frontal sites (Curran, 1999 (Curran, , 2000 Friedman & Johnson, 2000; Mecklinger, 2000; . With the exception of studies from our own laboratory, most of these studies have referenced their recordings to the average of the two mastoid recording sites (channels 57 and 101 in Figure 2 ). In our own laboratory, using the average-referenced technique, we have found that the FN400 is associated with posterior, inferior (PI) differences (new . old) that have the opposite polarity to the anterior, superior (AS) differences (new , old) that are normally observed. Thus, the present FN400 analyses follow our previous methods of capturing old/new differences over both of these regions (Curran, 1999 (Curran, , 2000 . Curran (1999 Curran ( , 2000 has observed the FN400 old/new effect over AS and PI scalp regions between 300 and 500 msec. Mean amplitudes are more negative for new than for old items over AS regions, but new items are more positive than old items over PI regions. Thus, with the presently used ERP recording and measurement techniques, the FN400 can be quantified by a crossover interaction between conditions (old, new) and regions (AS, PI). Mean amplitudes (300-500 msec) were entered into a task (recognition, categorization) 3 family (in, out) 3 old /new 3 region (AS, PI) 3 hemisphere repeated measures ANOVA. The old /new 3 region interaction [F(1,23) 5 4.27, MS e 5 2.27, p 5 .05] captured differences consistent with typical FN400 old/new effects (see Figure 4) . AS voltages were more negative for new (20.53 mV) than for old (20.29 mV) blobs, but PI voltages were more negative for old (20.84 mV) then for new (20.62 mV) blobs. The family 3 region interaction was significant [F(1,23) 5 9.80, MS e 5 1.61, p , .01]. AS voltages were more negative for blobs out of (20.57 mV) than in (20.26 mV) the trained families, but opposite-going differences were observed over PI regions (out 5 20.60 mV, in 5 20.86 mV). The four-way task 3 family 3 old/new 3 region interaction was difficult to interpret [F(1,23) 5 4.40, MS e 5 1.02, p 5 .05]. To better understand this interaction, separate ANOVAs were run for each task separately, but they failed to reveal any differences in the pattern of effects shown within each task. The family 3 region interaction was significant when each task was considered separately, but no other effects were significant for either task alone. In summary, the FN400 was affected by both family membership and old/new differences.
Parietal results. The spatial distribution of the parietal old/new effect is somewhat different with average-referenced ERPs than is typically observed with mastoid-referenced ERPs (as has already been explained with regard to the FN400). Relative to a mastoid reference, parietal ERPs ( posterior, superior [PS] scalp regions) are more positive for old than for new conditions between about 400 and 800 msec (Friedman & Johnson, 2000; Mecklinger, 2000; Rugg, 1995) . The average-reference captures these PS differences (old . new), as well as opposite polarity differences (old , new) over anterior, inferior (AI) regions (Curran, 1999 (Curran, , 2000 Curran et al., 2001) . Thus, condition (old, new) 3 region (PS, AI) interactions are indicative of the parietal old/new effect.
Mean amplitudes (400-800 msec) were entered into a task (recognition, categorization) 3 family (in, out) 3 old/ new 3 region (PS, AI) 3 hemisphere repeated measures ANOVA. The old/new 3 region interaction was significant [F(1,23) . Interestingly, this trend toward a parietal in/out (out . in) effect was of opposite polarity as compared with the parietal old/new (old . new) effect. That is, the parietal effect was larger for the more familiar old items within the old/new comparison, but it tended to be larger for the less familiar outsiders in the in/out comparison.
Although the parietal old/new effect was statistically significant, it was somewhat weaker than is typically observed. However, the parietal old/new effect usually is observed with ERPs including only correct trials (hits vs. correct rejections). Therefore, ERPs were recomputed to include only correct trials. Across all subjects and conditions, the mean number of accurate and artifact-free trials per condition per subject was 42.88 (range 5 20-69). Again, the in/out 3 region interaction was not significant [F (1, 23) mV]). These differences are still somewhat small, but this is understandable given the difficulty the subjects experienced discriminating old blobs (hit rate 5 88%) from highly similar new blobs (false alarm rate 5 48%).
Topographic comparisons. In summary of the previous analyses, ERPs were modulated by both family membership and old/new differences. Whereas in/out categorization exerted significant effects on the N1 and FN400 components, old/new recognition influenced the magnitude of the FN400 and parietal effects. Topographic analyses were done to better understand the relationship between the four primary effects: N1 in/out, FN400 in/out, FN400 old/new, and parietal old/new. Might they reflect the activity of a single process (or system) that initially responds to categorical differences and then later discerns differences between studied and nonstudied exemplars? Might each of these effects map onto different neurocognitive processes related to categorization or recognition? Although pinpointing the anatomical location of the neural generators of scalp-recorded ERPs is difficult, different topographic patterns indicate that "the underlying combination of activities at the brain sources must also be different" (Picton et al., 2000, p. 147) . Such topographic differences could reflect either different underlying sources or common sources activated with different relative strengths (Alain, Achim, & Woods, 1999). Thus, topographic differences between conditions would be consistent with separate underlying processes, although they could also reflect different patterns of activation across the same processes.
The four primary experimental effects were compared topographically. Figure 6 (left panel) shows topographic maps of the in/out (left) and old/new (right) differences within each temporal window. Mean differences associated with each effect were computed within each of the regions depicted in Figure 2 . The differences were normalized prior to analysis, so that differences in the overall magnitude of the effects would not bias the topographic comparisons (following the vector length method of McCarthy & Wood, 1985) .
Four specific questions were addressed through pairwise comparisons of the normalized differences. (1) Is the topography of the N1 in/out effect different from the topography of the FN400 in/out effect? (2) Are the FN400 in/out and old/new effects associated with distinct topographic patterns? (3) Is the topography of the FN400 old/new effect different from the topography of the parietal old/new effect? (4) Is the topography of the N1 in/out effect different from the topography of the parietal old/ new effect? These questions are addressed in turn.
Is the topography of the N1 in/out effect different from the topography of the FN400 in/out effect (Figure 6 , 1A vs. 1C)? Normalized N1 (156 -220 msec) and FN400 (300-500 msec) in/out differences were entered into a difference (N1, FN400) 3 hemisphere 3 anterior/posterior 3 inferior/superior ANOVA. The difference 3 hemisphere 3 inferior/superior interaction was significant [F(1,23) 5 4.53, MS e 5 0.02, p , .05]. The interaction captured the fact that the N1 and the FN400 in/out differences had similar relative magnitudes over superior scalp regions but, over inferior regions, the N1 difference was larger over the right hemisphere (see Figure 3 ) and the FN400 difference was larger over the left hemisphere. Although topographic differences between the N1 and the FN400 in/out effects were signif icant, visual inspection of Figure 6 reveals broadly similar topographic patterns. 3 Are the FN400 in/out and old/new effects associated with distinct topographic patterns (Figure 6 , 1C vs. 1D)? Normalized in/out and old/new mean differences were calculated within the temporal window of the FN400 (300-500 msec) and were entered into a difference (in/out, old/new) 3 hemisphere 3 anterior/posterior 3 inferior/ superior ANOVA. No effects were significant, so this analysis provided no indication of topographic differences between the FN400 in/out and the FN400 old/new effects.
Is the topography of the FN400 old/new effect different from the topography of the parietal old/new effect (Figure 6, 1D vs. 1F)? Normalized FN400 (300-500 msec) and parietal (400-800 msec) old/new differences were entered into a difference (FN400, parietal) 3 hemisphere 3 anterior/posterior 3 inferior/superior ANOVA. The fourway difference 3 hemisphere 3 anterior/posterior 3 inferior/superior interaction was significant [F(1,23) 5 4.88, MS e 5 0.01, p , .05]. The primary difference between these temporal intervals is the presence of left-PS (old . new) and right-AI (old , new) differences associated with the parietal, but not with the FN400 old/new effect. Overall, the 400-800 msec topography was somewhat different than the typical parietal old/new effect. In particular, it was dominated by a medial frontal old . new difference that originated around 200 msec and lasted until approximately 1,400 msec after stimulus onset. It appears to overlap with the AS aspect of the FN400 but is closer to the frontal poles than is the typical FN400. Similarly distributed, long-duration, frontal old/new effects have been previously described in studies of recognition memory but are poorly understood (reviewed by Friedman & Johnson, 2000) . In the present experiment, this frontal old/new effect clearly increased the similarity of the 300-500 and 400-800 msec topographies. Despite these visual similarities, the old/new effect was associated with statis- tically different topographies during the FN400 effect (300-500 msec) and the parietal effect (400-800 msec) intervals (replicating Curran, 1999 Curran, , 2000 .
Is the topography of the N1 in/out effect different from the topography of the parietal old/new effect ( Figure 6 , 1A vs.1F)? Normalized N1 in/out (156-220 msec) and parietal old/new (400-800 msec) differences were entered into a difference (FN400, parietal) 3 hemisphere 3 anterior/ posterior 3 inferior/superior ANOVA. The difference 3 anterior/posterior [F(1,23) 5 5.96, MS e 5 0.25, p , .05] and four-way difference 3 hemisphere 3 anterior/posterior 3 inferior/superior [F(1,23) 5 6.93, MS e 5 0.04, p , .01] interactions were significant. These topographic differences can be seen by comparing 1A and 1F in Figure 6 .
EXPERIMENT 2
Experiment 1 indicated that the N1 and the FN400 were sensitive to categorical differences among the stimuli (in/out effects) and that the FN400 and parietal effects were sensitive to recognition-related differences (old/new effects). Thus, we have some evidence for electrophysiological differences between category-related and recognition-related processes. Old/new differences can be unambiguously attributed to memory for the training set, because appearance on the training list is the only factor that differentiates these items. It is conceivable, however, that categorical differences are more stimulus related and not necessarily dependent on memory for the training experience. By definition, the family members are structurally more similar to one another than are the outsiders. Thus, in/out differences could be a product of similarity effects within the test lists themselves. For example, short-term priming effects may occur when two family members are presented in succession. ERP differences between recognition and categorization would be considerably less interesting if only recognition effects were the product of memory for the training set. Relevant behavioral evidence has shown that prior training with category exemplars is not necessary for above-chance categorization of novel dot patterns (Palmeri & Flanery, 1999) . In fact, Palmeri and Flanery showed that subjects who were tested in the absence of category training performed much like amnesic patients in showing accurate categorization performance but chance recognition.
Experiment 2 tested the possibility that effects observed in Experiment 1 did not depend on category training by omitting the training task but otherwise replicating the method in Experiment 1. 
Experiment 1
In-Out
Old-New
Experiment 2
In-Out Old-New N1 Effects (156-220 msec) Parietal Effects (400-800 msec) FN400 Effects (300-500 msec)
Method Subjects
The subjects were 28 right-handed students from the University of Colorado at Boulder, who participated for introductory psychology credit. Twenty-four subjects were included in the final analyses . 4 
Stimuli, Design, and Procedure
Apart from the following exceptions, Experiment 2 replicated the method in Experiment 1 in all major respects, except that the training phase was omitted from Experiment 2.
Experiment 2 was run in one session instead of two, because omitting the training phase reduced the overall length of the experiment considerabl y. As in Experiment 1, two test lists were given for each family of blobs. Unlike Experiment 1, in which one test list was categorization and one was recognition, categorization was tested in both lists in Experiment 2. Recognition testing would make no sense in the absence of a study/training list. The subjects were instructed that they needed to try to discover the structure of the family during the test blocks. No feedback was provided .
Results
Given the hypothesis that the ERP in/out and old/new differences observed in Experiment 1 were attributable to training, we predicted no such differences in Experiment 2. Because the training set was omitted from Experiment 2, the old/new variable is not truly meaningful in the present experiment. However, it was retained in all analyses to assess the possibility that the Experiment 1 old/new differences were attributable to stimulus confounds because old and new blobs were not counterbalanced in Experiment 1. Thus, old blobs are those that would have been presented in training if the training lists had actually been presented. One true difference between old and new blobs in Experiment 2, however, is that old blobs were presented in each of the two test lists for each family, but new blobs were presented only in one test list.
Behavioral Results
Mean accuracy and RT is shown in Table 2 . Categorization accuracy was above chance in all conditions. Thus, the subjects were able to learn to differentiate between family members and outsiders without training and within the confines of the test lists. Accuracy was considerably lower in Experiment 2 than in Experiment 1, with the exception of new family members that the subjects categorized at similar levels in each experiment. In Experiment 2, accuracy was uniformly low in all conditions, but Experiment 1 accuracy fell in the in/new condition. Although the subjects in Experiment 1 learned the blob families more thoroughly because of training, they were more likely to be duped by the within-experiment novelty of the new blobs. This would not be a factor in Experiment 2, in which old and new blobs did not truly differ (because old blobs were not seen in a previous training phase).
The subjects were consistently slower in Experiment 2 than in Experiment 1. This is consistent with the fact that the subjects had to learn the category structure within the test lists in Experiment 2.
ERP Results
As was predicted, none of the in/out or old/new effects observed in Experiment 1 were replicated when training was omitted from Experiment 2. Relevant analyses are presented below. Only topographic differences are shown ( Figure 6 , right panel), because they can be easily compared against the corresponding differences from Experiment 1 (Figure 6, left panel) .
N1 results. N1 analyses again focused on the PI regions shown in Figure 2 . Mean amplitudes from 156 to 220 msec were entered into a family (in, out) 3 old/new 3 hemisphere ANOVA. A similar ANOVA revealed significant in/out differences in Experiment 1. In Experiment 2, N1 amplitude did not significantly differ between the in (M 5 21.22 mV) and the out (21.12 mV) conditions [F(1,24) 5 1.33, MS e 5 0.36]. Differences between old (21.14 mV) and new (21.20 mV) conditions were also nonsignificant [F(1,24) 5 .44, MS e 5 0.34]. Likewise, no interactions involving the old/new or in/out conditions were significant. FN400 results. Mean amplitudes (300-500 msec) were entered into a family (in, out) 3 old/new 3 region (AS, PI; see Figure 2 ) 3 hemisphere repeated measures ANOVA. A condition 3 region (AS, PI) interaction in Experiment 1 indicated that the FN400 was significantly influenced by both in/out and old/new differences. Neither effect approached significance in Experiment 2 [old/new 3 AS/PI, F (1, 24) 
GENERAL DISCUSSION
The purpose of the present research was to investigate the relationship between categorization and recognition memory by using ERPs to specify the spatiotemporal dynamics of the underlying brain processes. ERPs related to relatively early visual processes (N1, 156-200 msec) dif- ferentiated between blobs that were members of trained categories (in) and those that were not (out). Middle latency ERPs (FN400 effects, 300-500 msec) also were sensitive to category membership (in/out) as well as differentiating between old (trained) and new exemplars. Later ERPs ( parietal effects, 400-800 msec) were significantly sensitive only to old/new differences. These effects were observed after the subjects underwent categorical training (Experiment 1) but were not observed in the absence of training (Experiment 2), so the ERP differences can be attributed to memory for the training episode. The ensuing discussion interprets old/new differences as related to recognition and in/out differences as related to categorization, but one also might expect differences according to whether subjects were actually performing a recognition or a categorization task. For example, a conceptually similar experiment compared categorization and recognition memory of novel dot patterns with f MRI (Reber et al., 1998a) . Their primary finding was that activity within the posterior occipital cortex was greater for old than for new patterns in the recognition test but that it was greater for noncategory members than for category members in the categorization task. Thus, occipital activity appeared to increase with familiarity in the recognition task but to decrease with familiarity in the categorization task. Reber et al. (1998a) chose to emphasize task differences when interpreting these opposite polarity differences, but numerous stimulus-related differences could have influenced the comparison also (as was clearly discussed by Reber et al., 1998a) . Task-related differences were minimal in the present research when stimuli were equated across tasks.
ERP old/new and in/out differences reveal the activity of brain processes that are capable of underlying categorybased and recognition-based discriminations, respectively. Whether or not such differences interact with task instructions may be related to the automatic/controlled nature of the underlying processes. The lack of task interactions for the N1 and FN400 effects suggests that these are relatively automatic processes that discriminate between in/out (N1 and FN400) or old/new (FN400) at similar levels regardless of task instructions. The observation that the parietal old/new effect was enhanced when subjects were performing the recognition task, as compared with the categorization task, suggests that it may reflect the activity of a memory process that is more intentionally controlled. Curran (1999) previously observed that neither the FN400 nor the parietal old/new effects were influenced by such task differences when words and pseudowords were given either recognition or lexical decision judgments. Curran's (1999) recognition task was considerably easier than the present task with similar lures, so the present task dependency of the parietal old/new effect may reflect the greater effort needed to discriminate old from new blobs.
N1 Effects
N1 amplitude was more negative for family members than for outsiders. This is the first demonstration, to our knowledge, that the N1 is sensitive to experimentally induced long-term memory. Previous research has shown that the N1 is sensitive to immediate word repetition (McCandliss, Curran, & Posner, 1993 , 1994 Posner & McCandliss, 1999 ). The present research ruled out such short-term influences, because N1 in/out effects were present after categorical training (Experiment 1) but were absent without training (Experiment 2). The N1 did not differentiate between old and new blobs, so it is unlikely to reflect the activity of a process capable of supporting accurate recognition judgments.
The present finding that the N1 may be related to categorization is consistent with previous research (Kiefer, 2001; Tanaka & Curran, 2001; Tanaka et al., 1999 ) . Tanaka and Curran found that dog and bird experts exhibited an enhanced N1 when categorizing pictures of objects within their domain of expertise, so N1 amplitude was modulated by differential experience with particular object categories. The present results show that the N1 is similarly enhanced by moderate amounts of experimental training with categories of visual objects (i.e., families of blobs). Not only was this enhancement observed for the specific exemplars seen in the training phase, but it also generalized to new blob exemplars that were family members. The ability to generalize from previous experience to classify new objects is a fundamental property of categorization, so these results strengthen the hypothesis that the N1 is related to visual categorization.
The N1 is considered to be related to visual identification processes (e.g., Vogel & Luck, 2000) . The present results, along with results from real-world experts, suggest that the underlying identification processes can be shaped by visual experience. These results are consistent with previous f MRI research relating posterior occipital cortex activity to category learning (Reber et al., 1998a (Reber et al., , 1998b . Our results add important time course information to these results. Because the N1 takes place at a relatively early stage of information processing, it is likely that categorical experience is influencing initial perceptual identification processes, rather than reflecting later, possibly re-entrant or top-down visual processes. Tanaka and Curran (2001) speculated that their expertiseenhanced N1 may be related to the N170 component observed in studies of face recognition. The N170 is more negative when subjects view faces than when they view other objects (e.g., Bentin et al., 1996; Bentin & Deouell, 2000; Bötzel et al., 1995; Eimer, 1998 Eimer, , 2000a Eimer, , 2000b George et al., 1996; Rossion, Campanella, et al., 1999) . The N170 is typically maximal for faces at mastoid (Bentin & Deouell, 2000) or T5/T6 Eimer, 2000b; George et al., 1996; Rossion, Delvenne, et al., 1999; Taylor, McCarthy, Saliba, & Degiovanni, 1999) locations of the International 10-20 System (Jasper, 1958) . These locations fall within the regions where the N1 was maximal in the present experiment (left and right mastoids are Channels 57 and 101; see Figure 2 ). The N170 usually peaks around 170 msec, but the present N1 peak (186 msec) is within the range of other published N170 studies with faces (e.g., 189 msec, George et al., 1996) . Thus, the spatiotemporal distribution of the presently observed N1 is similar to that of the N170 to faces.
FN400 Effects
The FN400 differentiated blobs on the basis of both category membership (in vs. out of trained families) and exemplar-specific memory (old vs. new). It has been previously argued that the FN400 old/new effect is related to the so-called familiarity component of dual-process theories of recognition memory (Curran, 2000; Friedman & Johnson, 2000; Mecklinger, 2000; . Although familiarity is a term with several different psychological meanings, Curran (2000) specifically defined familiarity as an assessment of the global similarity between studied and tested items. This sense of familiarity is consistent with the output of exemplar-based models of categorization/recognition (e.g., Estes, 1994; Hintzman, 1986 Hintzman, , 1988 Medin & Schaffer, 1978; Nosofsky, 1991) , as well as of several other models of recognition memory (reviewed by Clark & Gronlund, 1996; e.g., Gillund & Shiffrin, 1984; Humphreys, Bain, & Pike, 1989; Murdock, 1982; Shiffrin & Steyvers, 1997) . The sensitivity of the FN400 to both in/out and old/new differences provides converging evidence that a familiarity-like process consistent with these models may exist within the brain.
The FN400 results suggest the existence of a single process contributing to both categorization and recognition memory, and this possibility is supported by the behavioral interactions that were observed. Categorization was more accurate for old and new items, and recognition memory was more accurate for outsiders than for family members. Thus, our behavioral results suggest that processes underlying categorization and recognition must interact at some level to influence decision accuracy. Such interactions may have been obscured in previous neuropsychological studies that have tested categorization and recognition memory under quite different conditions (see Nosofsky & Zaki, 1999) . Dissociations between amnesic and control subjects may be less likely if the tasks were compared under otherwise identical conditions, as in the present study.
The FN400 results clearly show that a process sensitive to categorical differences between stimuli can also differentiate between old and new exemplars, but the N1 was sensitive only to category membership, and not to old/new differences. Why would categorization and recognition be dissociated early on (N1) but associated at later stages of processing? One possibility is that the N1 reflects purely visual aspects of memory that are sufficient for categorizing the blobs (on the basis of visual similarity to trained categories) but insufficient for recognizing particular exemplars. The FN400, on the other hand, reflects a later state of processing that is likely to draw on different sorts of information to assess the overall similarity between training and test items. Assuming that the FN400 is related to the N400 that is often observed in ERP studies of language comprehension (Kutas & Iragui, 1998; Kutas & Van Petten, 1994) , it would be sensitive to semantic information (e.g., Olichney et al., 2000) . Other recognition memory research has shown the FN400 to be related to the semantic similarity between old and new items (Nessler et al., 2001) . Such semantic information would not necessarily be available to the visual processes underlying the N1. The blobs used in the present experiment were semantically impoverished, but it is conceivable, for example, that the subjects (who saw each exemplar 10 times during training) used a naming strategy that would foster semantic processing (e.g., the prototype in Figure 1 may remind a subject of Texas).
Both the N1 and the FN400 may reflect cortical processes that are sensitive to stimulus familiarity (i.e., the similarity between a test item and previously stored experiences), but the processes may be sensitive to different types of information. Does this constitute evidence for separate systems? The specific criteria needed for postulation of a memory system are debatable (Schacter & Tulving, 1994; Sherry & Schacter, 1987) , and a single experiment is unlikely to be sufficient, but aspects of our results seem relevant. We detected significant differences in the topography of the N1 and the FN400 in/out effects, so different neural populations may contribute to these effects. However, as can be seen in Figure 6 (A vs. C), the similarity of these patterns is more conspicuous than any differences, so the present experiment does not provide particularly compelling evidence for the anatomical separability of the underlying processes. Furthermore, the ERP waveforms presented in Figure 4 suggest that the in/out differences are temporally continuous between the N1 and the FN400 epochs.
Even if we were to emphasize the slight topographic differences observed between N1 and FN400 in/out effects, two different systems with such properties are unlikely to account for previously discussed amnesic dissociations between categorization and recognition. Damage to either system would be more likely to impair categorization, whereas it is recognition that is selectively impaired by amnesia. A recent study showed that amnesic patients could discriminate between semantically congruous (babyanimal-cub) and incongruous (water-sport-kitchen) categorical pairs and showed normal N400 differences between congruous and incongruous conditions (e.g., Olichney et al., 2000) . Another recent recognition memory experiment has shown that the FN400 old/new effect was normal in an amnesic patient with selective hippocampal damage but the parietal old/new effect was abolished (Düzel, Vargha-Khadem, Heinze, & Mishkin, 2001) . Because the FN400 is spared by amnesia, the underlying processes are unlikely to be the source of amnesic patients' difficulties with recognition memory.
Parietal Effects
The standard parietal ERP old/new effect was replicated. Previous research has related the parietal old/new effect to the ability to recollect specific information from a previous study episode Curran, 2000; Fried-man & Johnson, 2000; Mecklinger, 2000) . Several lines of evidence, including ERP studies with amnesic patients (e.g., Düzel et al., 2001) or with intracranially recorded ERPs, have suggested that the hippocampus and/or medial temporal cortex may contribute to the parietal old/ new effect (reviewed by Friedman & Johnson, 2000; Mecklinger, 2000) . Thus, the neural mechanisms underlying the parietal old/new effect may be the same as those damaged to cause neuropsychological dissociations between categorization and recognition memory (Knowlton et al., 1994; Knowlton et al., 1992; Knowlton & Squire, 1993 , 1996 Squire & Knowlton, 1995) .
The multiple memory systems perspective (e.g., Knowlton, 1999) would be bolstered if our results showed that the parietal old/new effect was uniquely related to recognition memory. However, we cannot conclusively rule out the presence of parietal in/out effects in the present experiments. We observed a nonsignificant trend indicating larger parietal voltages for outsider than for family members. Thus, in contrast to the old/new effect in which the parietal effect was larger for the more familiar class of items (old . new), the parietal in/out effect was larger for the less familiar class of items (out . in). These opposite polarity differences are reminiscent of the opposing patterns of f MRI activation observed in comparing categorization and recognition tasks (Reber et al., 1998a) . Given the evidence linking the parietal old/new effect to the hippocampus, we doubt that our parietal ERP results are entirely attributable to the posterior occipital areas implicated in Reber et al.'s (1998a) f MRI study, although these areas could contribute to the ERP effects. Other functional imaging research has shown that the polarity of hippocampal activation changes between old and new recognition memory conditions can vary somewhat unpredictably. For example, using very similar PET recognition memory paradigms with novel objects, Schacter and colleagues have found old . new hippocampal activation differences in some experiments (Schacter et al., 1995; Schacter et al., 1997) but new . old differences in others (Heckers et al., 2000; Schacter et al., 1999) . Thus, the relationship between stimulus familiarity and hippocampal activity is not entirely straightforward.
Conclusions
The clearest general result to emerge from the present experiments is a temporal sequence of events involving a transition between early sensitivity to category membership (in/out differences) and later sensitivity to differential experience with particular exemplars (old/new differences). This temporal sequence suggests that the information necessary for categorization may become available earlier than that necessary for recognition memory. These temporal differences should be interpreted cautiously, because ERPs do not provide an exhaustive measure of brain activity, so our methods may be insensitive to earlier recognition-related processes. A more conservative interpretation of our results is that, among the memory-related effects we observed (N1, FN400, and parietal ERP components), categorical sensitivity appeared earlier than recognition-related sensitivity. Even this more conservative interpretation provides important information about the temporal dynamics of the underlying memory effects and their ERP correlates. These empirical time course results are particularly important now that models of categorization are being extended to account for temporal dynamics (Lamberts, 2000; Nosofsky & Alfonso-Reese, 1999) .
One way to conceptualize the temporal transition may be in terms of a shift from a gross level of sensitivity to stimulus similarity (N1 in/out effects) to intermediate levels (FN400 in/out and old/new effects) to fine-grained differences ( parietal old/new effects). In the present experiment, categorically different blobs (in vs. out) were more visually dissimilar than old and new blobs. We believe this situation is often true of real-world differences between categorization and recognition memory. For example, cats and dogs are categories that are easy to discriminate visually, as compared with the visually difficult problem of recognizing differences between your sister's dog Fido and your brother's dog Rover. Future research could explore this issue more systematically by contriving situations in which different categories are visually similar, yet recognition discriminations are visually dissimilar.
The present results are generally consistent with the "complementary learning systems" framework recently advanced by O'Reilly and colleagues (McClelland, McNaughton, & O'Reilly, 1995; Norman & O'Reilly, 2001; O'Reilly & Rudy, 2001 ). According to this framework, cortical networks learn by slowly integrating information across previous experiences in a manner that leads to distributed representations of the statistical structure of environmental input. Such representations are well suited for categorization tasks that require generalization to new exemplars. The hippocampus, on the other hand, is able to quickly learn about the specifics of individual events in a manner that fosters separate, distinctive representations. These hippocampal representations are thought to underlie conscious recollection of prior episodes. The categorical sensitivity of the N1 is consistent with the operation of the hypothesized cortical networks, whereas the exemplarspecific discrimination of the parietal old/new effect is consistent with the hypothesized characteristics of the hippocampus. The FN400, being sensitive to both in/out and old/new differences, seems to fall somewhere in between. Much like mathematical models of recognition and categorization (e.g., Estes, 1994; Hintzman, 1986 Hintzman, , 1988 Medin & Schaffer, 1978; Nosofsky, 1991) , such cortical memory networks are capable of discriminating old from new items in recognition memory tasks (Norman & O'Reilly, 2001) . The N1 and the FN400 sources may reflect the activity of formally similar neuronal networks, but the greater sensitivity of the FN400 to old/new effects may be related to differences in the type of information processed by each (e.g., purely perceptual N1 vs. the FN400, which is additionally sensitive to semantics, as was discussed earlier).
Overall, aspects of our results are consistent with both the mathematical modeling (i.e., single-system) and the neuropsychological (i.e., multiple-systems) views reviewed in the introduction. The sensitivity of the FN400 (300 -500 msec) to both categorical and recognition discriminations is consistent with a single, familiarity-based process capable of contributing to both tasks. However, the N1 and the parietal ERP effects seem more suited to categorization and recognition, respectively. The N1 (156-200 msec) was clearly affected by in/out differences more than by old/new differences and so may reflect a process (or system) that contributes to categorization, but not to recognition. Parietal ERP effects (300-500 msec) were less clear but appeared to be more sensitive to old/new than to in/out differences. Given other evidence linking the parietal old/new effect to conscious recollection processing involving the hippocampus, this may reflect the activity of a process that is more likely to underlie recognition memory than categorization. The present results suggest that the brain was sensitive to in/out categorical differences prior to old/new recognition differences, so theories addressing the relationship between categorization and recognition (of either the single-or multiple-system varieties) should account for these temporal dynamics.
